Abstract Black and Hispanic (minority) MSM have a higher incidence of HIV than white MSM. Multiple sexual partners, being under the influence of drugs and/or alcohol during sex, having a detectable HIV-1 RNA, and noncondom use are factors associated with HIV transmission. Using data from the Veterans Aging Cohort Study, we consider minority status and sexual orientation jointly to characterize and compare these factors. White non-MSM had the lowest prevalence of these factors (p \ 0.001) and were used as the comparator group in calculating odds ratios (OR). Both MSM groups were more likely to report multiple sex partners (white MSM OR 7.50; 95 % CI 5.26, 10.71; minority MSM OR 10.24; 95 % CI 7.44, 14.08), and more likely to be under the influence during sex (white MSM OR 2.15; 95 % CI 1.49, 3.11; minority MSM OR 2.94; 95 % CI 2.16, 4.01). Only minority MSM were more likely to have detectable HIV-1 RNA (OR 1.87; 95 % CI 1.12, 3.11). Both MSM groups were more likely to use condoms than white non-MSM. These analyses suggest that tailored interventions to prevent HIV transmission among minority MSM are needed, with awareness of the potential co-occurrence of risk factors.
Introduction
The Centers for Disease Control and Prevention (CDC) has long recognized minority (black and Hispanic) men who have sex with men (MSM) as a distinct and important group for which tailored interventions may be required [1] . The lifetime risk of HIV is 1 in 2 and 1 in 4 for black and Hispanic MSM, respectively, compared to 1 in 11 for white MSM [1] . In 2016, the National Institutes of Health Office of AIDS Research (NIH OAR) listed minority MSM among its high priority research area. While a decrease in HIV cases has been seen over the years in white MSM there has been an increase in incidence among minority MSM, especially young minority MSM [1] [2] [3] [4] . Of special concern, CDC 2011 data indicate that only 28 % of black MSM living with HIV achieved viral suppression [1] . Interventions to prevent HIV transmission have fallen short among minority MSM possibly because of cultural distinctions among white and black MSM [5] . Stigma, access to health care, discrimination and homophobia are experienced differently by minority groups and these all contribute to disparities in HIV diagnoses and treatment [6] [7] [8] .
Well established risk factors for sexual transmission of HIV are multiple partners, substance use, detectable HIV-1 RNA, and non-condom use [9, 10] . Alcohol and drug use (substance use) compounds sexual risk behaviors by lowering inhibition, increasing impulsivity and impairing judgement [11] [12] [13] . Those under the influence of drugs or alcohol may have sex more often than intended, or with more people than intended, and may fail to use a condom [14, 15] . Those with HIVinfection who use substances are also less likely to adhere to antiretroviral therapy and more likely to have detectable HIV-1 RNA. Prior papers were largely before combination antiretroviral therapy (cART) and were limited in examining viral load.
Among sexually active men in the Veterans Aging Cohort Study (VACS), we consider minority status and sexual orientation (i.e. MSM) jointly to characterize and compare risk factors for HIV transmission. Risk factors included: (1) multiple sexual partners, (2) sex while under the influence of drugs and/or alcohol use, (3) having a detectable HIV-1 RNA viral load and (4) non-condom use. We hypothesized that minority MSM would be more likely to report sexual risk factors after adjusting for relevant covariates, including unhealthy alcohol use, and that these covariates may partially attenuate the association.
Methods Study Population and Data Source
The VACS survey study is described in detail elsewhere [16] . In brief, VACS survey study is an on-going longitudinal prospective multi-site observational study representing 3631 HIV-infected and 3693 uninfected persons. Data used for this analysis were based on baseline data from 2002 to 2008. At baseline enrollment, participants completed surveys and provided permission to access electronic medical records. HIV-infected participants were matched to uninfected participants on age, race/ethnicity, and geographical site of care. Participants in VACS are demographically representative of HIV-infected Veterans in care [16] . VACS was Institutional Review Board (IRB) approved at the coordinating center at the Veterans Affairs (VA) Connecticut Healthcare System and the VA of participating sites.
The study sample for these analyses included the subset of men from VACS who completed a baseline survey and reported any sexual activity in the past year (n = 4506). Data were obtained from participant baseline surveys and electronic medical records. Further descriptions of the VACS survey sample and methodology are available online (www.vacohort.org).
Measures
Our outcomes of interest were the following factors associated with HIV transmission: (1) multiple partners, defined as reporting more than two sexual partners in the past 12 months, which is based on the question ''During the past 12 months, with how many people have you had sex?'', for which participant entered a number, (2) being under the influence of drugs and/or alcohol during sex at last sexual encounter, which is based on ''Thinking back about the last time you had sex, were you under the influence of alcohol or drugs?'', choice set yes/no, (3) among HIV-infected participants, having a detectable HIV-1 RNA at baseline (i.e. enrollment), defined as C500 copies/mL, and (4) self-reported non-condom use at last sexual encounter, which is based on ''Thinking back about the last time you had sex, did you or your partner use a condom?'', choice set yes/no. Our primary independent variable was the joint characteristics of MSM and race, categorized into a four level composite variable: minority MSM, white MSM, minority non-MSM, and white non-MSM. Because white non-MSM had the lowest prevalence of all factors, except non-condom use (Fig. 1a, b) , white non-MSM were used as the comparator group in calculating odds ratios (OR). Race/ethnicity was based on self report and included white and minority (black and Hispanic) race. Black and Hispanics were grouped together due to the fact that both populations experience higher rates of HIV infection than whites, and because the sample of Hispanic MSM was too small to examine separately. Our primary interest was minority versus white, so the small proportion reporting mixed or other races (4 %) were excluded. MSM was based on male participant reporting having sex in the past 12 months with men only or both men and women. A secondary predictor of interest was levels of alcohol use, defined as not a current drinker, non-hazardous drinker, hazardous/binge drinker, and alcohol abuse and/or dependence. Unhealthy alcohol use, a spectrum that includes at-risk, binge and alcohol use disorders [17] , leads to increased sexual risk behavior, poor medication adherence, condom failure, and progression of the disease resulting in increased HIV transmission and worsening health outcomes [18] [19] [20] . Additionally, recent studies show that HIV-infected persons are affected by alcohol at lower dosage [19, 21] . Thus, minority MSM with unhealthy alcohol use may be at higher risk for HIV infection, and among those infected, may be at higher risk for transmitting the virus to others. Not a current drinker was defined as no report of drinking for more than 12 months; non-hazardous drinker was based on the Alcohol Use Disorders Identification Test (AUDIT-C) [22] score \3 for women and \4 for men in the past 12 months (thus hazardous was AUDIT-C score C3 and C4 respectively); binge or heavy episodic drinking was defined as reporting six or more drinks on one occasion at least monthly; and alcohol abuse and/or dependence was defined using 1 inpatient or 2 outpatient International Statistical Classification of Disease version 9 (ICD-9) codes consistent with alcohol-related diagnosis a year prior and up to 6 months after enrollment. Other covariates of interest included age, HIV status, hepatitis C (HCV) infection, major depression, homelessness, relationship status (married, divorced, separated, widowed, never married, and living with a partner), annual income [dichotomized [$12,000 US vs. \$12,000 US based on the US Census Bureau's poverty threshold for 2013 for an individual, which is $11,888 US [23] and was rounded to $12,000 for simplicity], education (high school graduate or higher, yes/no), CD4 cell count at baseline, and HIV viral load at baseline. Homelessness, income, education and relationship status were self-reported, while major depression and drug abuse and/or dependence were based on ICD-9 code. HCV was based on ICD-9 codes and laboratory data. Among uninfected participants, self-perceived HIV risk, ''Do you think you are at risk for HIV infection?'', and prior testing, ''Have you ever been tested for HIV?'', were included. Self-perceived risk was assessed on a Likert scale of 0-4 and categorized for simplicity as low 0-1, moderate 2 and high 3-4. Among HIV-infected, we looked at adherence at baseline to HIV antiretroviral therapy, defined as 90 % threshold of fill/refill using pharmacy prescription data a year prior and up to enrollment date [24] .
Of the 4506 male participants who reported sexual activity in the past 12 months, 4146 (92 %) had complete survey and administrative data. The participants who did not have complete information (n = 360), compared to those who did, were more likely to be minority (85 vs. 80 %, p = 0.04). They were less likely to report an annual income of $12,000 US or more (48 vs. 57 %, p = 0.01), and less likely to be a high school graduate or higher (86 vs. 93 %, p \ 0.001). Among HIV-infected, they had lower median CD4 cell count (354 vs. 380, p = 0.05). Our study was approved by the IRB of the VA Connecticut Healthcare System and Yale University School of Medicine.
Analyses
Using baseline data, we conducted descriptive analyses of demographic and clinical characteristics overall, by HIV status and by sexual risk behaviors. Because undetectable HIV viral load was assessed among a subset of participants (HIV-infected), the bivariate results are reported within the text and not in a table. We used t test for continuous variables, or a nonparametric counterpart, Wilcoxon test, for non-normally distributed continuous variables, and Chi-square for categorical variables. We then assessed the relationship between the composite variable of MSM and race and the four factors associated with HIV transmission (multiple partners, under the influence during sex, detectable HIV viral load, and non-condom use) in a logistic regression model. In adjusted models, we included variables found to be significant (p \ 0.05) in bivariate analyses; unless they were collinear (Spearman coefficient [0.50). Statistical analyses were conducted with SAS, version 9.3.1
Results

Description of Sample
In our analytic sample of 4146 individuals, the mean and median age were 49 years old, 48 % were HIV-infected, 20 % were minority MSM, 8 % were white MSM, 60 % were minority non-MSM, and 12 % were white non-MSM (Table 1) . Thirty-two percent were not currently drinking, 29 % were non-hazardous drinkers, 26 % were hazardous and/or binge drinkers, 14 % had diagnoses consistent with alcohol abuse and/or dependence and 23 % had drug abuse and/or dependence. Thirty-seven percent of participants were HCV infected, 10 % had major depression, 48 % reported being homeless, 26 % were married, and 10 % lived with a partner. Thirty-one percent reported having multiple partners, 21 % reported being under the influence of drugs and/or alcohol the last time they had sex, 51 % (among HIV-infected) had a detectable HIV-1 RNA viral load, and 49 % reported non-condom use. Among the uninfected, 18 % reported being at moderate to high risk for HIV. Among HIV-infected, only 47 % were adherent to HIV therapy. A significant proportion of HIV-infected participants who reported multiple partners and sex under the influence had detectable HIV-1 RNA viral load (Fig. 2 , 56 and 57 %, respectively); a co-occurrence of risk factors.
HIV-infected compared to uninfected were more likely to be minority MSM (36 vs 4 %, p \ 0.001), to report multiple sexual partners (39 vs. 24 %, p \ 0.001), and to be under the influence of drug and/or alcohol during sex (24 vs. 19 %, p \ 0.001) ( Table 1) . Uninfected were almost three times as likely as HIV-infected participants to report non-condom use (71 vs. 25 %, p \ 0.001).
In bivariate analyses, age, HIV, MSM and race, alcohol use, drug use, homelessness, relationship status, and income were associated with all four risk factors associated with HIV transmission. HCV was associated with being under the influence during sex and non-condom use ( Table 2 ). Major depression was associated with being under the influence during sex, and borderline associated with multiple sex partners. High school graduate or higher was associated with multiple partners (Table 2) . Participants with a detectable HIV viral load, compared to those with undetectable HIV viral load, were more likely to be minority MSM (39 vs In unadjusted models, both minority MSM and white MSM status, compared to white non-MSM, showed a strong association with multiple partners ( Minority MSM 814 (20) 96 (4) 718 (36) White MSM 348 (8) 35 (2) 313 (16) Minority non-MSM 2484 (60) 1582 (74) 902 (45) White non-MSM 500 (12) 433 (20) 67 (3) Levels of alcohol use \0.001
Not current drinker 1313 (32) 686 (32) 627 (31) Non-hazardous drinker 1190 (29) 558 (26) 632 (32) Hazardous /binge* drinker 1066 (26) 550 (26) 516 (26) Alcohol abuse & dependence 577 (14) 352 (16) 225 (11) Drug abuse 973 (23) 530 (25) 443 (22) drinking were 45 % more likely to have multiple partners, and those with alcohol abuse and/or dependence were 66 % more likely. Other positively associated factors were drug use, homelessness and not being married.
Sex Under the Influence of Drugs and/or Alcohol
In unadjusted models, both minority and white MSM status were significantly associated with being under the influence of drug and/or alcohol during sex ( Table 4) . Any alcohol, HCV and not being married were also associated.
Undetectable HIV Viral Load
Among HIV-infected, minority MSM status, but not white MSM status, was associated with having a detectable HIV viral load in the unadjusted model ( Table 2 Descriptive statistics on sexually active male participants in the veteran's aging cohort study by sexually risk factors (40) 1747 (53) 399 (46) 620 (29) 1526 (76) HIV-infected 1228 (43) 772 (60) 1525 (47) 475 (54) 1510 (71) 490 ( (35) 581 (18) 233 (27) 569 (27) 245 (12) White MSM 186 (6) 162 (13) 269 (8) 79 (9) 191 (9) 157 (8) Minority non-MSM 1862 (65) 622 (49) 1982 (61) 502 (57) 1237 (58) 1247 (62) White non-MSM 448 (16) 52 (4) 440 (13) 60 (7) 133 (6) 367 ( (35) 320 (25) 1216 (37) 97 (11) 698 (33) 615 (31) Non-hazardous drinker 846 (30) 344 (27) 1035 (32) 155 (18) 641 (30) 549 (27) Hazardous /binge* drinker 698 (24) 368 (29) 733 (22) 333 (38) 494 (23) 572 (28) Alcohol abuse & dependence 331 (12) 246 (19) 288 (9) 289 (33) 297 (14) 280 (14) Drug abuse 582 (20) 391 ( 93 (7) 981 (30) 102 (12) 329 (15) 754 (37) Divorced 667 (23) 391 (31) 787 (24) 271 (31) 593 (28) 465 ( (10) 119 (14) 268 (13) 192 (10) Widowed 94 (3) 42 (3) 104 (3) 32 (4) 93 (4) 43 (2) Never married 523 (18) 489 (38) 733 (22) 279 (32) 670 (31) 342 (17) Living with a partner 296 (10) 101 (8) 326 (10) 71 (8) 177 (8) 220 ( (28) 63 (12) 461 (26) 64 (16) 121 (20) 404 ( (1) 3 (1) 12 (1) 3 (1) 5 (1) 10 ( 1488 (86) 264 (67) 480 (78) 1272 (84) Moderate (2) 165 (10) 159 (32) 2116 (12) 108 (27) 118 (19) 206 (14) High (3) (4) 26 (2) 30 (6) 34 (2) 22 (6) 15 (2) 41 ( (53) 324 (44) 753 (51) 195 (43) 723 (50) 225 (48) HIVRNA C500 copies/mL 561 (47) 414 (56) 718 (49) 257 (57) 727 (50) 248 (52 ely to fail to use a condom also. Hazardous/binge drinking was positively and significantly associated with non-condom use.
In a sub-analysis looking at the interaction between MSM and minority status (data not shown), for three of the risk factors (being under the influence during sex, detectable HIV viral load, and non-condom use) the interaction terms between minority and MSM status were not significant, suggesting a purely additive association. For multiple sexual partners the interaction was significant (p = 0.001) and negative (OR 0.49; 95 % CI 0.32, 0.74). Minority and MSM were not additive in their effects.
Discussion
In a large sample of HIV-infected, and demographically and behaviorally similar uninfected participants, we found minority MSM were significantly more likely to have risk factors (except non-condom use)-multiple sexual partners, being under the influence of drugs or alcohol during sex, and having a detectable HIV viral load. Both substance use and relationship status appear to attenuate this association.
In unadjusted models, minority MSM had the highest odds for 3 of the 4 risk factors. The crude odds of multiple partners for minority MSM status was ten times the crude odds for non-MSM whites, and remained significant, though diminished, in the adjusted model. It is not clear how to interpret relationship status, a potential mediator in this association. However, studies have shown an association between relationship status and risk factors. Being married was associated with reduced odds of multiple partners, substance use, HIV suppression, and less condom use. [15, [25] [26] [27] While it is safe to assume being married at the time of data collection meant being married to a woman, we cannot assume that being married precludes a man having sex with men [28] . Seven percent of MSM in our sample reported being married. Substance use on the other hand is well established as a contributing factor to risk behaviors and a prevalent factor among minorities and MSM. More important, it is a modifiable factor that can be incorporated into treatment efforts to reduce risk. It is of great concern that the minority MSM group was the strongest factor associated with multiple partners. Rosenberg and colleague found that black MSM have a lower threshold than whites for the number of sexual partners needed for a 50 % chance of acquiring HIV [29] . Blacks who had three sexual partners, compared to seven partners (more than twice as many) for whites, were more likely to acquire HIV [29] .
Also concerning is their association with sex under the influence of drugs and/or alcohol. HIV-infected minorities, regardless of MSM status, had a higher prevalence of substance use compared to the other groups (data not shown). Pandrea et al., as well as Baliunas et al., have demonstrated that alcohol is a major contributing factor in HIV transmission and progression [30, 31] . In a recent paper by Mayer and colleagues, they showed that heavy alcohol use and stimulant drugs use were associated with enhanced HIV transmission among MSM in care [32] .
In this study, HIV-infected participants had low adherence to antiretroviral medications, high viral load, and a high prevalence of risk factors. The low adherence coupled with high viral load and high prevalence of risk factors, is a potential mode of transmission, especially among minorities. While interracial or interethnic dating and marriage has increased over the past decade according the 2010 US census data [23] , for a large percent of the US population, socialization and coupling is still within race/ethnic groups. Thus, if uninfected minority MSM with unhealthy alcohol (i.e. hazardous/binge drinking and/or alcohol abuse/dependence) and drug use, and HIV-infected minorities with increased risk of HIV transmission are engaging in sexual risk behavior together, this may contribute to the consistently high rates of new HIV cases among this population. Upon closer examination, we found that among minority MSM, those who reported multiple partners, versus not, were substantially more likely to have unhealthy alcohol use (54 vs. 37 %). The implication of a combination of risk on HIV acquisition and transmission is troubling.
Of note, risk of transmission is dependent on prevalence of HIV in the sex network, not just the individual risk behavior (e.g. non-condom use); and it is well established that minority populations have a higher prevalence of HIV infection compared to white populations [1] . In addition, Edelman and colleagues found among a group of sexually active study participants, black and MSM status was significantly associated with incomplete partner notification [33] , which may leave their sexual network unaware of their HIV status and risk. This combination of multiple partners, being under the influence (which may impair condom use), lower threshold for the number of sexual partners needed for transmission, delayed diagnosis and lower HIV awareness [4, [34] [35] [36] [37] , and poor partner notification, are prime conditions for HIV transmission and acquisition; putting minority MSM at greater likelihood of contracting HIV. Targeting individual risk factors may not be enough for minorities at risk [38] . Studies have indicated that social network interventions are needed. Interventions at the individual level have not been as effective in reducing HIV transmission in minority populations as in white populations [39, 40] .
Research on the combined effect of HIV risk (i.e. multiple partners, sex under the influence, detectable HIV viral load, and non-condom use) on HIV transmission and acquisition is scant. However, it is plausible to suspect that having two or more sexual risk behaviors has an additive effect on HIV transmission. For example, a person who is under the influence of drugs and/or alcohol during sex is less likely to use a condom [41] [42] [43] , or if they did use a condom, it is possible that it was not used properly [20, 44] . Drugs and/or alcohol impair physical function and application of condom may be subpar, rendering it less effective. Macaluso et al. examined factors associated with condom failure and found risky behavior, defined as having sex for money or drugs and having sex under the influence (i.e. while drunk or high on drugs), to be the strongest determinant of condom failure (OR 2.00; 95 % CI 1.40, 2.80, p = 0.0003) [20] . Thus, the strong association between minority MSM and sex under the influence is troubling even in the presence of reported condom use. In their comparison of HIV prevention interventions, using a jurisdiction-specific operations research model of HIV prevention in New York City, Kessler et al. examined different combination of prevention strategies, some of which included condom use, addressing unhealthy alcohol use and drug use, and it suggested risk behaviors could be additive in their effect [45] . More studies on the combined 
Strengths and Limitations
This study has several limitations. Some variables were self-reported, which can give rise to non-differential misclassification (from either over reporting or underreporting), which biases towards a null finding. Since our findings were significant despite this limitation, it is possible that the association could be stronger than what we found. Also, mediation was not an a priori hypothesis, and it is difficult to fully assess mediators in a cross-sectional study, but a decrease when substance use and relationship status were added to the model was observed, which warrants further examination of suspected partial mediation [46] . Future studies are needed to explore this finding. Finally, our conclusions are based on cross-sectional data, which does not afford directional and causal inferences. However, this study has several strengths. It is a large and diverse sample, with multiple sites around the US, and included measures of important factors, including HIV viral load. We were also able to evaluate an under-examined high-risk group, minority MSM, as well as increasing levels of alcohol use.
Conclusion
These analyses suggest that minority MSM would be more likely to have multiple sexual partners and more likely to have sex under the influence of drugs and/or alcohol, making minority MSM a subgroup with a higher prevalence of factors associated with HIV transmission risk. Moreover, co-occurrence of risk factors indicates that those with detectable viral load were more likely to report multiple sex partners and sex under the influence of alcohol and/or drugs. Our data support the need for tailored prevention and treatment efforts geared towards these behaviors among minority MSM to help abate new HIV cases.
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